The cytokinesis-block micronucleus cytome (CBMNCyt) assay is a widely used technique for measuring DNA damage in human populations. The formation of micronuclei (MN) in dividing cells can result from chromosome breakage due to unrepaired or mis-repaired DNA lesions or chromosome malsegregation due to mitotic malfunction. The sensitivity of the MN assay to polymorphisms in various genes involved in DNA repair, activation/deactivation of carcinogens/chemicals/drugs/alcohol, folate metabolism pathway and micronutrient transport has been extensively reported in the literature. MN frequency is also an important index for determining DNA repair efficiency phenotype (including mis-repair), response to environmental exposure and identifying various dietary factors required for optimal genome stability. The aim of the present study is to review the reported in vivo associations between genotype and MN frequency in humans taking into considerations the presence of interactions with nutrients levels and/or exposure to genotoxins. One hundred and eleven publications linking MN frequency in peripheral blood lymphocytes to gene polymorphism were retrieved from PubMed. After applying exclusion criteria, only 37 studies were evaluated in the present review. Polymorphisms in XRCC1 (Arg280His), ERCC2 (Lys751Gln), CYP2E1 (c1/c2) and MTR (A2756G) were consistently associated with the MN formation. These results contribute substantial evidence to the hypothesis that genotype may influence MN frequency in human cells.
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Introduction
Genetic susceptibility and interactions between genetic and environmental risk factors for various diseases are relatively new concepts in molecular epidemiology (1) . Micronuclei (MN) may contribute to a better understanding of these mechanisms since this is a surrogate biomarker of chromosome breakage/or loss, genetic instability and/or exposure to environmental mutagens or carcinogens. Furthermore, occurrence of MN in peripheral blood lymphocytes (PBLs) has been associated to cancer risk in humans (2, 3) .
Recently, association studies have been published linking genotypes, which take into account inter-individual differences in response to genotoxic exposure, to the occurrence of MN, which quantify the extent of genetic damage due to environmental exposures. Most papers addressed the interaction between the frequency of MN and polymorphisms of genes implicated in xenobiotic metabolism (activation/ detoxification), DNA lesion repair and folate metabolism.
The conceptual model used in the current review ( Figure 1 ) aims at identifying, among individual genetic predisposition, exposure to genotoxins and an individual's altered nutrient status (nutriome), the condition that ultimately determines chromosomal instability and the increased frequency of MN.
The cytokinesis-block micronucleus assay (CBMN) in human lymphocytes is a widely used technique for measuring DNA damage in human populations (2) . MN originate mainly from chromosome breaks or whole chromosomes that fail to engage with the mitotic spindle during cell division. The sensitivity of MN formation to polymorphisms in various genes involved in DNA repair, genes involved in activation/ deactivation of carcinogens/chemicals/drugs/alcohol, folate metabolism pathway and micronutrient transport, has been reported in the literature. The occurrence of MN is also an important biomarker for determining DNA repair efficiency phenotype (including mis-repair), response to environmental exposure and identifying various dietary factors required for optimal genome stability (4, 5) . Several polymorphic genes may play an important role in genome maintenance and/or repair. The genes investigated in this review are listed in Table I .
The most common variation found in DNA is the singlenucleotide polymorphism (SNP). The role of SNPs in contributing to certain disease conditions such as cancer is extensively investigated but poorly understood (6) . To better understand the role of SNPs in the pathogenesis of diseases, it is essential to consider the complexity of genotype-phenotype interactions and their impact on the genome. The association of SNPs in relevant genes with MN frequency in PBLs represents a valuable tool for this purpose because the latter is one of the best-validated DNA damage biomarker that is sensitive to a wide range of endogenous, environmental and lifestyle factors that can harm the genome (2) (3) (4) (5) 7) .
The aim of the present study is to review scientific literature reporting evidence from human population studies linking genotype and MN frequency in PBLs and taking into consideration interactions with nutrient status and/or exposure to genotoxins.
Materials and Methods
An extensive literature search was performed to retrieve human population studies investigating the role of SNPs in modifying the effect of exposure to certain chemical or genetic or diseased condition, on MN frequency. Papers published between January 1, 1985 and April 30, 2010 and addressing this topic were extracted from the publicly available database PubMed. Table II shows the keywords selected from Medical Subject Headings (MeSH) and the combinations of search terms used to retrieve the publications.
A total of 111 publications were retrieved from the Medline and were manually checked for the keywords-in vivo micronucleus, exposure to genotoxins, etc., polymorphism(s), cytome assay and micronucleus. The search approach was put together by (i) categorising, whenever possible, the keywords listed in the MeSH thesaurus [words appearing in the MeSH field (mesh)], i.e. the vocabulary of medical and scientific terms that are assigned to PubMed documents by a team of trained experts (indexers) and (ii) performing, for search totality, a free text search [words in title or abstract field (tiab)]. Only publications that appeared in English were included in the current review. Studies that investigated groups of ,50 subjects were excluded due to high likelihood of spurious or inconclusive results due to inadequate power in the study design.
Publications reporting results of buccal cells, urothelial cells and in vitro assays such as experiments involving cell lines were not considered for the current review because the number of studies is too small to evaluate meaningfully and these biomarkers are not yet sufficiently validated with regard to their association with important diseases such as cancer. This means that papers examined were restricted to studies which measured MN in PBLs using the cytokinesis-block micronucleus cytome (CBMNCyt) assay.
The papers included in the present review reported (i) the use of standard protocols for MN analysis (2, (8) (9) (10) ; (ii) appropriate assessment of the impact of environmental exposure to genotoxins (iii) host-related factors such as age and gender; (iv) impact of smoking, alcohol consumption, diet and supplements; (v) disease status; (vi) clear description of the study design in case of any intervention and (vii) detailed description of statistical analysis of the results. Table I describes the various families of genes investigated so far along with their function and these are discussed in the same order in the text below. These include genes involved in DNA repair, chemical/genotoxin/alcohol metabolism and folate uptake/metabolism.
Results and discussion
The outcomes of the studies selected for review are summarised in Table III . The genes investigated in these studies are also listed in Table I , which provides information on the function of the gene(s) to allow better understanding of possible mechanism(s) that may be involved. Reports that show statistically significant association of MN frequency with genotype are discussed in the following sections. It is evident from the Table III that the increase or decrease in MN frequency is not always associated with the rare allele. This varies with the polymorphism, e.g. in XRCC1 polymorphisms (G27466A and G28152A), TDG (Gly199Ser), ERCC2 (G23591A, A35931C) and XRCC3 (C18067T), MN frequency is significantly higher in individuals with rare alleles. In ERCC1 polymorphism (C19007T), PON1 (Gln192Arg) and GSTP1 (A313G), MN frequency is significantly higher in individuals with wild-type allele.
Polymorphism in DNA repair genes and MN frequency
The CC genotype for the XRCC1 gene (À77T/C) polymorphism was shown to have a significant association with MN frequency with 1,3-butadiene (BD) exposure (11) . C-allele containing promoter has greater Sp1 binding affinity, which may interfere with DNA repair process (48) . There is evidence that BD is metabolised to butadiene monoepoxide, butadiene diepoxide and butadiene diolepoxide that form DNA adducts, and these adducts induce DNA damage including MN formation (49) . MN frequency is significantly higher in workers with CT genotype for the XRCC1 (Arg194Trp; C26304T) polymorphism when exposed to BD and vinyl chloride (11, 14) . The XRCC1 Arg194Trp polymorphism is located in the XRCC1 nuclear localisation signal domain, in proximity to other domains which mediate b and APE1 interactions thereby resulting in decreased protein affinity or decreased DNA damage site binding and ineffective DNA repair (50) .
BD and vinyl chloride exposure as well as exposure to cokeoven environment also resulted in significantly higher MN in workers with AA genotype for the XRCC1 (Arg280His; G27466A) polymorphism and presence of 'A' allele, respectively (11, 14) . Variant protein associated with XRCC1 His allele (Arg280His) results in defective DNA repair capacity due to the inefficient localisation of protein to the DNA damage site (19) . This polymorphism is located close to sequences that mediate protein-protein interactions with ADPRT and DNA polymerase b (51) and hence there is a possibility that it may be involved in the formation of unstable chromosome aberrations (52) .
Two studies found significantly higher MN frequency in workers exposed to BD and industrial waste in GA genotype for the XRCC1 (Arg399Gln; G28152A) polymorphism (11, 20) . The AA genotype was also significantly associated with increased MN in those with coronary artery disease and in coke-oven workers.
MN were found to be significantly increased in CC genotype for the ADPRT/PARP1 (Val762Ala; T40336C) polymorphism in workers exposed to BD (11) . In those heterozygotes (CG) for hOGG1 gene (Ser326Cys; C1245G) polymorphism, vinyl chloride exposure significantly increased MN (14) . Vinyl chloride is metabolised to a highly unstable intermediate chloroethylene oxide which then forms chloroacetaldehyde (53) that interact with DNA to form DNA adducts and induce ineffective DNA repair/synthesis (54) . Whether hOGG1 gene is involved in removal of these adducts is unknown. It has been shown that individuals with Ser/Cys or Cys/Cys OGG1 genotype have slower DNA repair capacity for tobacco smoke adducts than the wild-type Ser/Ser genotype (23) . Vinyl chloride exposure also significantly increased MN in carriers of Ser allele of the TDG Gly199Ser polymorphism (12) .
Coke-oven workers with CC genotype for the ERCC1 (Q504K; T . G) polymorphism showed significantly higher Regulation of cell cycle
Essential for the control of the cell cycle at the G1/S transition Activation/deactivation of carcinogens/chemicals/drugs/alcohol PON1 Hydrolyses the toxic metabolites of a variety of organophosphorus insecticides NAT2 Activate/deactivate arylamine, hydrazine drugs and carcinogens EPHX1 Activation/detoxification of exogenous chemicals (e.g. PAHs) GSTP1
Detoxification by catalysing the conjugation of many hydrophobic and electrophilic compounds with glutathione GSTM1
Metabolism of a broad range of xenobiotics and carcinogens especially electrophilic compounds GSTT1
Metabolism of a broad range of xenobiotics and carcinogens especially electrophilic compounds UGT1A7
Conjugation and subsequent elimination of toxic xenobiotics and endogenous compounds CYP1A1
Phase I xenobiotics and drug metabolism CYP1B1
Oxidises a variety of structurally unrelated compounds including steroids, fatty acids and xenobiotic CYP2E1
Metabolises several precarcinogens, drugs and solvents to reactive metabolites, inactivates a number of drugs, xenobiotics and also bio-activates many xenobiotic substrates to their hepatotoxic or carcinogenic forms ADH2 (ADH1B)
Metabolises wide variety of substrates including alcohol, retinol and other aliphatic alcohols, exhibits high activity for ethanol oxidation and plays major role in alcohol metabolism ALDH2
Detoxification of alcohol-derived acetaldehyde, also metabolises corticosteroids, biogenic amines, neurotransmitters and lipid peroxidation Folate uptake/metabolism pathway GCPII (FOLH1) Has both folate hydrolase and NAALADase activity, preference for tri-alpha-glutamate peptides, required for the uptake of folate in intestine, also exhibits a dipeptidyl-peptidase IV type activity RFC1 (SLC19A1)
Mediating folate transport MTR Catalyses the transfer of a methyl group from methyl-cobalamin to homocysteine, yielding enzyme-bound cob(I)alamin and methionine, subsequently re-methylates the cofactor using methyltetrahydrofolate MTRR Involved in the reductive regeneration of cob(I)alamin cofactor required for the maintenance of methionine synthase in a functional state TS (TYMS)
Catalyses the methylation of deoxyuridylate to deoxythymidylate using methylene-THF as a cofactor. This maintains the dTMP pool critical for DNA replication and repair MTHFR Catalyses the conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, a co-substrate for homocysteine remethylation to methionine BER, base excision repair; APE1, apurinic endonuclease 1; XRCC1, X-ray repair cross-complementing group 1; ADPRT, adenosine diphosphate-ribosyltransferase; OGG1, 8-oxoguanine glycosylase 1; TDG, thymine-DNA glycosylase; MGMT, O-6-methylguanine-DNA methyltransferase; O6-MeG, O6-methylguanine; XPA, xeroderma pigmentosum, complementation group A; XPC, xeroderma pigmentosum, complementation group C; ERCC1 (XPD), excision repair crosscomplementing rodent repair deficiency, complementation group 1; ERCC2, excision repair cross-complementing rodent repair deficiency, complementation group 2; ERCC4, excision repair cross-complementing rodent repair deficiency, complementation group 4: ERCC5, excision repair cross-complementing rodent repair deficiency, complementation group 5; HR, homologous recombination; XRCC3, X-ray repair complementing defective repair in Chinese hamster cells 3; CDKN1A (p21), cyclin-dependent kinase inhibitor 1A; ATM, ataxia telangiectasia mutated; PON1, paraoxonase 1; NAT2, N-acetyltransferase 2; EPHX1, epoxide hydrolase 1; GTPM1, glutathione S-transferase mu 1; GSTP1, glutathione S-transferase pi 1; GSTT1, glutathione S-transferase theta 1; UGT1A7, uridine diphosphoglucuronosyltransferase 1A7; CYP1A1, cytochrome P450, family 1, subfamily A, polypeptide 1; CYP1B1, cytochrome P450, family 1, subfamily B, polypeptide 1; CYP2E1, cytochrome P450, family 2, subfamily E, polypeptide 1; ADH1B (ADH2), alcohol dehydrogenase 1B (class I), beta polypeptide; ALDH2, aldehyde dehydrogenase 2 family; GCPII (FOLH1), glutamate carboxypeptidase II (folate hydrolase 1); NAALADase, N-acetylated-alpha-linked-acidic dipeptidase; RFC1 (SLC19A1), reduced folate carrier 1 (solute carrier family 19 (folate transporter), member 1; MTR, 5-methyltetrahydrofolate-homocysteine methyltransferase; MTRR, 5-methyltetrahydrofolate-homocysteine methyltransferase reductase; TS(TYMS), thymidylate synthetase; methylene-THF, 5,10-methylenetetrahydrofolate; dTMP, thymidine-5#-monophosphate; MTHFR, 5,10-methylenetetrahydrofolate reductase.
MN (25) . It is expected that intrinsic susceptibility and interactions with external exposure to, e.g. polycyclic aromatic hydrocarbons (PAHs) in coke-oven workers are important factors that determine specific DNA repair phenotype. The nucleotide excision repair (NER) pathway mainly eliminates bulky adducts formed by the metabolites of PAH (55) . Several proteins including ERCC1 work together to remove these adducts (56) . Polymorphisms in ERCC1 were found to be associated with reduced DNA repair capacity and increased cancer risk (57, 58) . ERCC1 is the leading constituent of NER pathway and it forms a tight complex with ERCC4 thus helping incising DNA strand at the site of 5# to the covalent DNA base damages. It is plausible that reduced DNA repair due to the polymorphism in ERCC1 may be associated with MN formation in response to the exposure to the genotoxins especially those forming bulky adducts because the latter may either cause defects in centromere DNA or may indirectly induce chromosomes aberrations leading to MN formation (59) . The ERCC2 Lys751Gln (A35931C) polymorphism was associated with higher MN frequency in coke-oven workers (15) . A significant increase in MN frequency in CT genotype of XRCC3 Thr241Met (C18067T) was reported in workers exposed to prestige-oil (17) . This amino acid change has the potential to change the protein characteristics which could affect protein structure and integrity (60) . Vinyl chloride exposure also induced significantly higher MN frequencies in workers with the GC genotype of the p53 gene G215C polymorphism (26) . Various SNPs in the ATM gene were associated with significantly higher MN frequency in a cohort exposed to PAHs (28). In coronary artery disease patients, MN frequency was found to be significantly increased in patients with AA genotype for the XRCC1 gene (Arg399Gln; G28152A) polymorphism (21) and CC genotype for the XPD/ERCC2 gene (Lys751Gln; A35931C) polymorphism (21) . XPD Lys751Gln polymorphism was found to be associated with MN in relation to ageing (24) .
Polymorphisms in metabolic enzymes and MN frequency
Two reports have provided strong evidence that pesticide exposure is associated with significantly higher MN in the wild-type genotype for the PON1 (Gln192Arg) polymorphism (13, 29) . However, given that these two studies had common authors and the cohort size was the same. It is possible that these are data from the same cohort.
The GG genotype for the GSTP1 (Ile105Val; A313G) polymorphism was shown to be significantly associated with higher MN frequency in vinyl chloride-exposed workers (19, 32) . Similar findings were also reported in coke-oven workers (33) . Formaldehyde exposure in workers with G allele resulted in higher MN (34) . However, AA genotype was found to be significantly associated with higher MN in workers exposed to prestige-oil (17) .
Polymorphisms in both GSTM1 and GSTT1 are widely studied in relation to exposure to various genotoxic agents; however, the results are inconsistent and contradictory. One study on GSTM1 found significantly higher MN frequencies in non-null individuals exposed to asbestos (31) , while the other found the opposite effect within exposed traffic workers (39) . Two studies have reported significantly higher MN frequency in individuals with GSTT1-null genotype exposed to styrene and electronic waste, respectively (30, 36) . In general, similar observations are made both with GSTM1 and GSTT1 genotype, exposure and MN frequency. Some reports suggest slight increase in MN frequency in null subjects while others found the opposite effect in non-null genotypes that varies depending on the exposure.
It has been shown that the PAHs-exposed individuals carrying Arg allele in UGT1A7 (Trp208Arg) have significantly higher MN compared to the Trp allele carriers (40) . Uridine diphosphoglucurononsyltransferase (UGT) is part of phase II enzymes catalyse the glucuronidation of numerous endobiotics and xenobiotics and activity of this enzyme is altered by the mutations (61) . UGT mediates the conjugation of chemical metabolites with water-soluble moieties such as glutathione or glucuronate, which are responsible for detoxification of reactive metabolites from, PAH etc.
As mentioned above, the results obtained from many exposure studies are inconsistent and these vary if the genes being investigated are involved in activation/deactivation pathway. There is a greater role of CYP enzymes in the metabolism of these compounds. In human beings, most of the environmental xenobiotics are metabolised by variety of metabolising enzymes (62, 63) and glutathione S-transferase (GST) plays a critical role in phase II metabolism (64, 65) . GSTT1 acts as dual enzyme: detoxifies monohalomethanes and the epoxides of the alkenes ethylene and butadiene and activates methylene chloride and certain bi-functional alkylating agents. Hence, it becomes very difficult to understand or predict the effect of the null/non-null genotype. Combined conjugation activities of all GSTs may result in the depletion of glutathione, which may therefore impair protective mechanism against endogenous oxidation stress (66). Polymorphisms in these enzymes have also been reported to alter susceptibility to the genotoxic effects of PAH and other compounds. Significantly low levels of induced MN are found in workers exposed to vinyl chloride associated with CC genotype in CYP2D6 gene [Thr486Ser; C . G (32)]. Exposure to vinyl chloride also resulted in significantly increased MN in individuals with c1/c2 genotype (19) and c2/c2 genotype (32) in CYP2E1 gene. Similarly vinyl chloride exposure significantly increased MN in *1/*1 genotype in the ALDH2 gene (19) .
The genotoxic effect of alcohol consumption depends on its conversion via alcohol dehydrogenase (ADH1B) to acetaldehyde, which is genotoxic, and the detoxification of acetaldehyde to acetate via acetaldehyde dehydrogenase (ALDH2) (41, 67) . Therefore, genes such as ADH1B and ALDH2 involved in alcohol metabolism may also play an important part in inducing the higher MN frequency in alcohol drinkers. A Japanese study has reported significantly higher MN in moderate drinkers who are also carriers of *1 allele of ADH1B. However, in heavy drinkers who are carriers of *2 allele in ADH1B gene also have an elevated MN frequency (41) . The variant allele ALDH2*2, which encodes an inactive subunit of the enzyme ALDH2, is dominant and highly prevalent among certain populations of Asian ethnicity (0.28-0.45), but rare in other ethnic groups (67) . Within the same cohort carriers of the *2 allele in ALDH2 had elevated MN frequency particularly in drinkers.
Polymorphisms of folate metabolism genes and MN frequency
Folate is an essential B-vitamin that occurs naturally in a variety of foods, such as broccoli, cabbage, cauliflower, fruit, seeds and nuts (68) . Mammals cannot synthesise folate de novo, and therefore have to obtain it from dietary sources. Folate can occur in various forms including folic acid, dihydrofolate and various forms of tetrahydrofolate and is required for a variety of important reactions requiring transfer of methyl group (69) (70) (71) . Folate deficiency causes chromosome breaks and chromosome loss and MN formation via (i) excessive uracil incorporation into DNA due to insufficient methylation of deoxyuridine monophosphate to thymidine-5#-monophosphate and (ii) hypomethylation of cytosine due to inadequate methionine and S-adenosyl methionine synthesis (70, 72, 73) . Many studies have shown an association between folate deficiency and increased DNA damage or MN formation (72, 74, 75) . Vitamin B 12 is needed as a cofactor for methionine synthase that converts homocysteine to methionine following methyl group transfer from 5-methyltetrahydrofolate (73) . Very low B 12 intake can cause anaemia and nervous system damage. Both folate and vitamin B 12 deficiency independently or together have been shown to cause chromosome damage and MN formation in vivo and high concentrations of homocysteine in the blood in humans (76, 77) . A number of genes are involved in folate uptake, transport and its metabolism in and out of cells in the humans. Many SNPs have been reported in these genes capable of influencing the aforesaid functions. Polymorphism in reduced folate carrier gene (RFC; G80A) has been found to be significantly associated with the higher MN in Australians (42) . Similarly, MN frequency is increased in 'A' allele carriers of the MTR gene (A2756G) polymorphism in non-smokers and smokers in Australians and Japanese, respectively (42, 44) . There are two functional polymorphisms in the MTHFR gene (C677T and A1298C). The TT genotype in the C677T MTHFR polymorphism is significantly associated with the higher MN in coronary artery disease patients (45) . Overall, there are some indications that common polymorphisms in certain genes involved in folate metabolism genes are associated with increased MN, however, the evidence is not yet strong enough to suggest definitive associations until the studies on RFC A80G, MTR A2756G and MTHFR C677T are replicated.
Conclusions d
The results of this review show that MN formation may be influenced by certain polymorphisms of genes involved in DNA repair pathway, xenobiotic metabolism and especially genes involved in the uptake, transport and metabolism of folate. Overall, the evidence so far suggests / INS> that polymorphisms in genes such as XRCC1 (Arg280His), ERCC2 (Lys751Gln), CYP2E1 (c1/c2) and MTR (A2756G) appear to be consistently associated with the MN formation. d The evidence so far is not strong enough for other polymorphism reviewed in this paper due to the conflicting results or lack of replication in independent studies. Most of the studies that report slight increase or marginally significant association of MN with SNPs in relation to occupational exposure and/or disease status may not have been powered sufficiently to reach reliable or robust conclusions. If frequency of variant allele in general population is too low, e-waste, electronic waste; DS, Down syndrome; UTR, untranslated region.
Role of genetic polymorphisms on MN frequency
there is always a greater need to increase the sample size/ screen more subjects to obtain a more precise and conclusive. 12 , respectively, to function).
Future directions
d In future studies, it is important to investigate the role of genetic polymorphism in the diet, which is the most constant and intense exposure that can be modified to balance and control genetic stability (4, 5, 7) . More effort is also needed in understanding gene-diet interactions in relation to SNPs in DNA repair and metabolism genes because several micronutrients can alter activity of enzymes coded by such genes or alter their expression (4, 5, 78 ) and yet remain uninvestigated. d Genome wide association studies (GWAS) may prove to be a useful approach in identifying which genes including those mentioned in Table III that are involved in gene-gene interactions and how these interactions impact on MN frequency depending upon nutritional status. The GWAS approach is especially important because it provides a complete alternative unbiased assessment of genes which may be effect modifiers of the alteration of genetic stability caused by exposure to genotoxic and environmental agents as well as lifestyle factors. d An individual's response to certain genotoxins can also be influenced by copy number variation in genes involved either in DNA repair or metabolism including folate metabolism. Therefore, it is necessary to take into account these variations as well in the future studies. d It is known that various factors such as gender, age, smoking, body mass index and alcohol consumption can influence the MN formation and therefore should be considered as variables and adjusted for accordingly in future studies (79) . d Moreover, the CBMN assay that was used in the studies examined has evolved quite extensively over the last decade to include other biomarkers of genome instability such as nucleoplasmic bridges (NPBs) and nuclear buds (NBUDs), which originate from dicentric chromosomes or gene amplification, respectively (2) . Therefore, in future projects NPBs and NBuds should be measured also and impact of genotype on these biomarkers measured. Finally, most evidence described in the review points to the conclusion that genotype may influence MN frequency in lymphocyte. Future studies should therefore be properly designed to match genotypes in case-control studies or be adequately powered to take account of genotype effects and its interactions with environmental factors including diet and lifestyle.
